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The linewidths of excitonic transitions were measured in Alx Gal _ x As, grown by molecular beam epitaxy as a function of alloy composition x for values of x :S 0.43 using high resolution photoluminescence spectroscopy at liquid helium temperature. The values of the linewidths thus measured are compared with the results of several theoretical calculations in which the dominant broadening mechanism is assumed to be the statistical potential fluctuations caused by the components of the alloy. An increase in the linewidth as a function of x is observed which is in essential agreement with the prediction of the various theoretical calculations. The linewidths of the excitonic transitions in Alx Gal _ x As observed in the present work are the narrowest ever reported in the literature, for example u = 2.1 meV for x = 0.36, thus indicating very high quality material.
Recent advances in epitaxial crystal growth techniques such as molecular beam epitaxy (MBE) and metal organic chemical vapor deposition (MOCVD) have allowed the fabrication of a variety of optoelectronic and microwave devices, many of which have a semiconductor alloy as an important constituent. One of the most useful techniques for obtaining information concerning the quality of the alloys is photoluminescence spectroscopy. The shape of the excitonic transition contains a great deal of information about the quality of the alloy. Generally, the excitonic emission spectra in semiconductor alloys are considerably broader than those observed in their binary components. This broadening has been attributed to compositional disorder present in alloys. An alloy can be random on an atomic scale or on a scale rc in which case rc defines the radius of the clusters in the alloys. Goede et al. I were the first to calculate u, the full width at half-maximum (FWHM) of the excitonic lines as a function of alloy composition in perfectly random alloys. Subsequently, Singh and Baja? and Schubert et a/.
3 not being aware of the work of Goede et al., I independently calculated the variation of u as a function of alloy composition treating the exciton as a classical system. These two groups arrived at the same result. The values of u these two groups calculate are, however, about 2.7 times larger than those calculated by Goede et al. I Recently Singh and Bajal have calculated the variation of u as a function of alloy composition following a quantum mechanical approach.
All of the AI" Gal _ x As samples used in this study were grown in a MBE system having very low background impurity contamination, achieved predominantly through the use of extensive cryopaneling within the growth chamber. Samples were grown on (100) oriented semi-insulating GaAs substrates, Cr-doped as well as undoped liquid encapsulated Czochralski wafers. Polished substrate wafers were cleaned, etched, and otherwise prepared for growth using techniques which have been described in detail elsewhere.
5 Growth rates of approximately 1 ,um/h yielded samples whose thicknesses varied between I and 2 ,um. The highest quality Alx Gal _ x As samples were achieved at substrate temperatures in the range of 680--700 ·C with V 1111 flux ratios in the range of 6-10/1. During growth the substrates were azimuthally rotated in the incident beam flux at rates of 3-5 rpm. A special two-zone cracking furnace was employed to produce the predominantly AS 2 flux which was used in the growth of these layers.
The optical transitions were analyzed by high resolution photoluminescence using a modified 4-m Bausch & Lomb grating spectrograph. These photoluminescent measurement techniques have been described elsewhere.
6 In the current study we have analyzed the photoluminescence spectra of Alx Gal _ x As samples with values of x varying from 0.13 to 0.43. In Fig. 1 we display the optical transition observed in a sample with x = 0.15. We assume that the highest energy transition at 1.6964 eV is associated with the collapse of the free exciton. Adding the free-exciton binding energy of 7.9 meV from Pearah et al. 7 to 1.6964 eV we get the value of the band gap of Alx Gal _ x As. Using the following relationS:
we derive the value ofx = 0.15. The linewidth FWHM ofthe transition at 1.6890 eV is determined to be 1.6 meV. This transition is most likely a free to bound transition (free hole to bound electron). This is a very sharp transition for an alloy composition of x = 0.15. The optical transition for a sample with x = 0.36 is shown in Fig. 2 . This sample shows only one transition and that is assumed to be the free-exciton transition. Again taking the free-exciton binding energy of 25 meV from Ref. 7 an x value of 0.36 is determined. The linewidth (FWHM) for this line is 2.1 meV which is also a very sharp line for an alloy composition of x = 0.36. In a previous paper9 the excitonic transitions in the AIx Gal _ x As alloy were traced back to the analogous transitions in GaAs for x = 0-0.13. It was also reported that the excitonic transitions observed in different samples of AlxGal_xAs with roughly the same x value showed considerable variation in linewidth. These same trends have been observed in the higher x-value region reported in this letter. The theory predicts that the linewidth will increase monotonically with x value for a perfectly random alloy, here rc takes on the value of 2.21 A.
2 The theory also predicts that the linewidth depends on rc in the alloy. If there is any clustering of the Al atoms present in the material, the value of rc will be larger than 2.21 A and will lead to substantially larger values of the linewidth. Another important broadening mechanism at low >-..... temperatures is due to electric fields produced by the random distribution of ionized impurities. 10 In high quality alloys the ionized impurity concentration will usually be < 10 16 /cm 3 • At these concentrations this mechanism leads to linewidths < 1 meV. The dominant broadening mechanism therefore is alloy scattering with the sharpest lines being observed for completely random alloys. Clustering is then responsible for the linewidth variation observed for samples having the same x value. In Fig. 3 are much larger than those observed in this study (e.g., 5.2 meV for x = 0.29 and 8.2 meV for x = 0.38).
In conclusion, we have measured the excitonic photoluminescence linewidth in MBE grown AtGal_xAs as a function of alloy composition. We find that the observed Iinewidths are somewhat larger than those calculated using a quantum mechanical approach assuming a perfectly random alloy thus suggesting a possible improvement in the quality of AIGaAs in the future. The linewidths we observe are the narrowest ever reported in AIGaAs reflecting very high quality material.
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